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ABSTRACT: Experimental autoimmune encephalomyelitis (EAE) is the most 
extensively studied animal model of the human disease multiple 
sclerosis (MS) . In EAE, CNS demyelinat ion is induced by 

immunization with myelin proteins or adoptive transfer of myelin-react ive 
CD4 + T cells. Since the antigen specificity of the immune response 
believed to be responsible for the pathology of MS is not well defined, 
therapies that target aspects of T cell activation that are not antigen 
specific may be more applicable to the treatment of MS . As a result, 
understanding the role of costimulatory molecules in the activation of 
naive and memory T cells has become an area of extensive investigation. 
Naive T cells require two signals for activation. Signal one is provided 
by engagement of the T cell receptor (TCR) with MHC/peptide complexes and 
provides antigen specificity to the immune response. The second signal, 
termed costimulation, is usually provided by B7 molecules on APC to 
CD28 molecules expressed on T cellsand is antigen-independent. This 
review will discuss our current understanding of costimulation in 



the induction and perpetuation of EAE, as well as the potential of 
costimulaton blockade in the treatment of MS. 
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ABSTRACT: Multiple Sclerosis (MS) is a disease that results in the 

demyelination of axons in the central nervous system. The etiology of 
this disease is not completely known. The environment, genetics, viruses, 
and/or the immune system are considered to be factors in the progression 
of this debilitating disease. However, the exact combination of these 
factors that leads to the pathogenesis of MS is not known. It is known 
that MS is more prevalent in the northern hemisphere, especially in the 
United Kingdom's Orkney and Shetland Islands and in the northern United 
States of America. In India, MS is prevalent in the Zoroastrian 
population. This disease is also more prevalent in women, whites, and 
individuals with a family hisotry of multiple sclerosis. 
Intrathecal secretion of IgG and the appearance of oligoclonal bands on 
agar-gel electrophoresis indicate an immunological etiology of MS. If the 
etiology is immunological, the immune response might be triggered by any 
one or combination of the previously mentioned factors (i.e., 
environmental, genetic, viral, etc.). Studies show that the humoral 
immune response in MS is modulated by histocompatibility antigens. An 
autoimmune hypothesis for this disease stems from a strong 
association with HLA antigens, mainly HLA-3, HLA- B7, and HLA-DR2 . 
To date, no specific test is available which can conclusively diagnose 
MS. Increased concentration of cerebral spinal fluid (CSF) IgG, presence 
of oligoclonal bands on protein gel electrophoresis, and increased 
concentration of myelin basic protein (MBP) , are indicative of this 
disease. Magnetic Resonance Imaging (MRI) scanning is a recent diagnostic 
tool which clearly shows the size, quantity, and distribution of lesions 
or plaques. MRI results, in combination with medical history, 
neurological examination, and laboratory information, can significantly 
help in the diagnosis of MS. This review focuses on the 
pathological features and pathogenetic mechanisms in multiple 
sclerosis . 
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ABSTRACT: The B7 /CD28 : CTLA-4 cost imulatory pathway plays a critical 
role in determining the fate of immune responses (activation vs. 
down-regulation) and is a highly promising therapeutic target for 
treating autoimmune diseases. In this review, we highlight 
the mechanisms by which this costimulatory pathway operates emphasizing 
the role of the different components in the pathogenesis of relapsing 
experimental autoimmune encephalomyelitis, a CD4 T cell-mediated 
autoimmune model of multiple sclerosis. The separate and 
distinct roles of B7-1, B7-2 and CTLA-4 in positive and 
negative regulation of autoimmune pathogenesis are considered and a 
working model is proposed. 
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Immunological self -tolerance can be acquired by several mechanisms, 
including the induction of anergy in autoreactive T cells. In this sense, 
anergy is predictably advantageous for the immune system. Here, Konstantin 
Salojin and colleagues present an alternative view that the induction of 
anergy in regulatory T cells may be harmful to the host and elicit 
autoimmune disease. 
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Multiple sclerosis (MS) is best understood as an inflammatory 
disease of the central nervous system (CNS) white matter characterized by 



demyelination, focal T cell and macrophage infiltrates, axonal injury and 
loss of neurological function. Our current understanding invokes 
proinflammatory cells and mediators that may be triggered by environmental 
factors to mediate disease in a genetically susceptible host. Five major 
themes which have been associated with the pathogenesis of MS lesions will 
be discussed: (1) The differential activation states of myelin-reactive T 
cells from MS patients vs. normal individuals, (2) the selective expression 
of chemokines, adhesion molecules and matrix metalloproteinases, (3) the 
proposed roles of the B7 costimulatory pathway, (4) the 

proinflammatory cytokines and (5) the role of molecular mimicry. Copyright 
(C) 1999 Elsevier Science B.V. 
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Adhesion molecules expressed on the surface of immune cells transduce a 
variety of cell-activating signals and mediate important interactions by 
binding to multiple specific counter-receptors expressed on other cells or 
on extracellular matrix components. A large number of aberrations in the 
expression of cell-bound molecules at the mRNA and protein level in vivo 
have been described in patients with autoimmune connective tissue 
diseases. In vitro studies suggest the presence of functional abnormalities 
of adhesive pathways, at least at some points of the disease. Increased 
circulating levels of isoforms of several adhesion molecules have also been 
demonstrated in these patients. The possible involvement in the 
pathogenesis of rheumatoid arthritis, systemic lupus erythematosus, 
Sjogren's syndrome and systemic sclerosis of E-, P- and L-selectins, 
of some integrins and of several adhesion molecules of the immunoglobulin 
superfamily that in addition participate in lymphocyte costimulation will 
be discussed in this review. Further studies on migration and 
recruitment patterns of immune cells into inflamed tissues, as well as on 
possible defects of lymphocyte activation in these patients, are expected 
to expand our knowledge on systemic autoimmune responses and identify 
targets for specific immunotherapy. 
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CD28/B7 costimulation: A review 
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The current model of T cell activation requires two signals. The first 
signal is specific, requiring T cell receptor recognition and binding to 
MHC/Antigen presented by an antigen-presenting cell. The second signal is 
nonspecific, resulting from the binding of B7 ligand on the antigen- 
presenting cell with its receptor, CD28, on the T cell. If both signals are 
provided, the T cell will proliferate and secrete cytokines. Recently, it 
has been shown that CTLA4 , another receptor for B7 that is 
upregulated following T cell after activation, can deliver an inhibitory 
signal, downregulating T cell proliferation. The B7 family of ligands 
has two family members, B7-1 and B7-2. They both bind to 

CD28 and CTLA4, but they differ in their binding affinity, structure, and 
temporal expression. Considerable research has been done on the CD28/ 
B7 costimulatory pathway. Different ways of manipulating this pathway 
could provide insights into the mechanism and treatment of opposing 
pathological states. Blocking the CD28/B7 pathway could result in 
immunosuppression, with implications for the treatment of autoimmune 
diseases, organ transplantation, and graft vs. host disease. Activating the 
CD28/B7 pathway could be useful for including the immune system to 
recognize and eliminate tumors that evade the immune system. Finally, the 
CD28/B7 pathway could be involved with maintaining immune to 
tolerance, as recent studies suggest the preferential binding of the 
B7-CTLA4 pathway results in the down-regulation of the responding T 
cells. Thus, the B7/CD28/CTLA4 pathway has the ability to both 
positively and negatively regulate immune responses. 
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Virus-induced autoimmune disease 
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The breaking of tolerance or unresponsiveness to self-antigens, involving 
the activation of autoreactive lymphocytes, is a critical event leading to 
autoimmune diseases. The precise mechanisms by which this can occur 



are mostly unknown. Viruses have been implicated in this process, among 
other etiological factors, such as genetic predisposition and cytokine 
activity. Several ways have been proposed by which a viral infection might 
break tolerance to self and trigger an autoreactive cascade that ultimately 
leads to the destruction of a specific cell type or an entire organ. The 
process termed 'molecular mimicry' and the use of transgenic models in 
which viral and host genes can be manipulated to analyze their effects in 
causing autoimmunity have been particular focuses for research. For 
example, there is a transgenic murine model of virus-induced 
autoimmune disease, in which a known viral gene is selectively 
expressed as a self-antigen in beta cells of the pancreas. In these mice, 
insulin-dependent diabetes develops after either a viral infection, 
the release of a cytokine such as IFN-gamma, or the expression of the 
costimulatory molecule B7 . 1 in the islets of Langerhans. Recent 
studies using this model have contributed to the understanding of the 
pathogenesis of virus-induced autoimmune disease and have furthered 
the design and testing of novel immunotherapeutic approaches. 
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In addition to presentation of antigen, T cells require additional or 
'costimulatory' signals from antigen-presenting cells. Failure to receive 
costimulation following antigen presentation renders T cells anergic, and 
these cells are functionally incapable of proliferating or secreting 
cytokines in response to subsequent rechallenge. Recent evidence has 
demonstrated that a critical costimulatory signal is delivered by members 
of the B7 family. B7-1 (CD80) and B7-2 (CD86) 

provide costimulation through CD28, their ligand on the T cell. 
Dysregulation of expression of B7 may be implicated in the 
pathogenesis of autoimmune disease. In contrast, lack of expression 
of B7 on tumor cells may explain in part the lack of immune response 
against the majority of tumors. It may now be possible to exploit this 
pathway to induce immunological response against tumors. Blockade of this 
pathway will likely have significant impact on transplantation biology, to 
induce T-cell anergy and prevent graft rejection and graf t-versus-host 
disease . 
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Fig. 6 depicts a model for epitope spreading in T cell-mediated 
demyelination . The acute phase of disease is due to T cells specific for 
the initiating epitope, which can be either a determinant on the CNS target 
organ of the autoimmune response or a determinant on a persisting, 
CNS-tropic virus. The primary T cell response is responsible for the 
initial tissue damage by the production of pro-inflammatory Thl cytokines 
which can affect myelination directly and indirectly by their ability to 
recruit and activate macrophages to phagocytize myelin. As a result of 
myelin damage and opening of the blood-brain-barrier during acute disease, 
T cells specific for endogenous epitopes on the same and/or different 
myelin proteins are primed and expand either in the periphery or locally in 
the CNS. These secondary T cells initiate an additional round of myelin 
destruction, leading to a clinical relapse by production of additional 
pro-inflammatory cytokines, similar to the bystander demyelination 
operative during acute disease. It will be of great interest to determine 
the relative contributions of local and systemic immune responses to these 
endogenous neuroepitopes . It is possible that local CNS presentation of 
endogenous neuroepitopes following acute CNS damage could be mediated by 
infiltrating inflammatory macrophages, activated microglial cells, 
endothelial cells and/or astrocytes. These tissue resident antigen 
presenting cells have been shown to upregulate expression of MHC class II, 
certain adhesion molecules, and B7 costimulatory molecules in 
response to pro-inflammatory cytokines. The data on epitope spreading 
provided by the murine demyelinating disease models clearly illustrate the 
dynamic nature of the T cell repertoire during chronic inflammation in a 
specific target organ. The contribution of epitope spreading to chronic CNS 
demyelination could be considered to be a special case since tolerance to 
myelin epitopes would be expected to be inefficient due to their 
sequestration behind the blood-brain-barrier. However, the recent 
description of epitope spreading in response to pancreatic antigens in 
spontaneous diabetes in the NOD mouse may indicate that this 
phenomenon is operative in a variety of organ-specific experimental and 
spontaneous autoimmune diseases. Thus, potential therapy for the 
advanced stages of relapsing EAE, and perhaps other organ-specific 
experimental and human autoimmune diseases exhibiting 

chronic/relapsing-remitting clinical courses, would need to be directed not 
only against the effector cells initiating the disease, but also against 
effector cells With novel specificities (which likely utilize different TCR 
alpha and beta chains) recruited as a result of tissue damage. 
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The cause of MS is unknown. There is considerable circumstantial evidence 
that MS is a complex trait, probably autoimmune in nature, and is 
determined by both genetic and environmental factors. At present, it must 
be acknowledged, however, that our understanding of the pathogenesis of MS 
is minimal. Very little is known about the genes determining disease 
susceptibility and perhaps even less is understood about environmental 
factors that influence penetrance or the geographic distribution. This lack 
of knowledge results neither from lack of effort nor from a shortage of 
fertile imaginations. Almost every imaginable hypothesis has, in the past, 
found some support. The intractability of the problem could well result 



from its complexity, because answers to testable hypotheses are commonly 
negative or ambiguous. Today, the opportunity exists for researchers to 
provide such answers because of recent major developments. The first 
development is the recognition that MS research requires a relatively large 
pool of well- ascertained, carefully diagnosed, and longitudinally 
well-characterized MS patients. The last two developments are the 
identification and successful application of statistical and molecular 
genetic techniques carrying sufficient power to allow the exploration of 
complex traits such as MS. 
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HLA antigen segregation analysis was performed in 38 families with a 
total of 52 multiple sclerosis (MS) patients including 14 families 
with 2 affected sibs. HLA A3 and especially B7 occurred more 
frequently in familial MS cases (propositi) (A3: 42.9%, B7 : 64.3%) 
than in non familial cases (A3: 35.8%, B7 : 35.3%). As could be 
expected from the increased phenotype frequencies of A3 and B7, the 
haplotype A3-B7 showed a disturbed segregation among the MS patients 
but not among their healthy sibs. A second haplotype, A1-B8, was found more 
frequently than expected among the MS patients but also among their 
unaffected sibs. These data may suggest increased MS susceptibility 
associated with the haplotype A3-B7 and, conversely autoimmune 
or protective properties associated with A1-B8 in MS patients and their 
healthy sibs , respectively . 
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Functional CD86 (B7-2/B70) is predominantly expressed on Langerhans 

cells in atopic dermatitis [see comments] 
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Department of Dermatology, Tokyo Medical and Dental University School of 
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Document type: JOURNAL ARTICLE 

Recently, we reported the functional expression of CD86 on cultured human 
Langerhans cells derived from normal epidermis. In the present study, we 
investigated the expression and function of co-stimulatory molecules in the 
pathogenesis of atopic dermatitis. In immunohistochemical analysis, CD80 
and/or CD86 were detected on dendritic-shaped cells not only in the 
epidermis but also in the dermis in the inflammatory lesions of atopic 
dermatitis (n = 12). CD80 was expressed in only five cases (42%), while 
CD86 was expressed in all cases (100%) . These molecules were not detected 
in normal control subjects (n = 8) . In non-lesional skin of atopic 
dermatitis (n = 4), CD86 but not CD80 was detected in one case. CD86 was 
preferentially induced on dendritic-shaped cells in positive patch test 
sites to Dermatophagoides pteronyssinus or house dust allergen in atopic 
dermatitis (n = 4). The CD80- or CD8 6-positive cells were confirmed as 
Langerhans cells by double immunostaining using anti-CDla monoclonal 
antibody. Neither CD86 nor CD80 was detected on keratinocytes . Similar 
results of the stronger expression of CD86 over that of CD80 were obtained 
from psoriasis vulgaris (n = 11) and from contact dermatitis (n = 7), 
although CD86 was expressed only in 57% of the contact dermatitis cases. 
The percentage of Langerhans cells positive for CD86 was higher than for 
CD80, i.e. 48% compared with 9%, respectively, in the epidermis of lesional 
skin of atopic dermatitis (n = 8) . The expression rate of these molecules 
on Langerhans cells increased in the dermis. To investigate the function of 
co-stimulatory molecules on Langerhans cells in atopic dermatitis, we 
conducted an inhibition test with antibodies. Anti-CD86 monoclonal antibody 
almost completely inhibited* T-cell proliferation stimulated with crude 
extract of D. pteronyssinus in the presence of epidermal cells as 
antigen-presenting cells, whereas anti-CD80 ' monoclonal antibody produced 
less of an inhibitory effect. These data indicate that CD86 expressed on 
Langerhans cells may play an important part in the pathogenesis of atopic 
dermatitis. 
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Recent studies have suggested that the accessory molecules B7 . 
1 (CD80) and B7 . 2 (CD86) differ in their capacity to generate 
Thl vs Th2 responses. Atopic dermatitis (AD) is a chronic allergic skin 
disease associated with increased IgE synthesis. To determine the potential 
role of B7 . 2 molecules in AD, the present study, was conducted to 
compare the expression of B7 . 1 vs B7 . 2 on B cells from 
patients with AD vs normal subjects or patients with psoriasis. The 
expression of B7 . 2 on B cells of AD patients (53.67 +/- 3.10%) was 
significantly higher than normals (38.02 + /- 4.95%; p = 0.02) and 
psoriasis patients (40.19 +/- 2.70%; p* = 0.006). In contrast, there 
was no significant difference in B7 . 1 expression among the 
three subject groups. Interestingly, total serum IgE from AD patients and 
normal subjects correlated significantly with B7 . 2 expression on B 
cells (r = 0.68; p = 0.004), suggesting a role for B7.2sup + B cells 
in IgE synthesis. Indeed, purified B7.2sup + B cells produced 
significantly more IgE than B7.2- B cells in vitro (p = 0.04). 
Anti-human B7.2, but not B7.1, mAb significantly (p < 

0.05) decreased IgE production by PBMC stimulated with IL-4 and anti-CD40 
mAb. Furthermore, B7.2sup + B cells had a significantly higher level 
of IL-4R and CD23 expression than B7.1sup + B cells. These data 
demonstrate the predominant expression of B7 . 2 in AD, but not 
psoriasis, and a novel role for this molecule in IgE synthesis. 
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Research into the pathogenesis of psoriasis has been hampered by 
the lack of an animal disease resembling this common human skin disorder. 
Over the past few years, however, various rodent models that mirror aspects 
of the psoriatic phenotype and pathogenesis have become available. Here, 
the most prominent models are compared with human psoriasis and 
potential uses for psoriasis research are reviewed. Asebia (ab) , 
flaky skin (fsn) , and chronic proliferative dermatitis (cpd) are 
spontaneous mouse mutations with psoriasiform skin alterations of unclear 
pathogenesis. Transgenic mice with cutaneous overexpression of cytokines, 
such as interf eron-gamma, interleukin- llalpha, keratinocyte growth factor, 
transforming growth factor-alpha, interferon- 6, vascular endothelial 
growth factor, or bone morphogenic protein-6, are valuable tools for 
studying in vivo effects of individual cytokines in the pathogenesis of 
psoriasiform features. Psoriasiform lesions also were seen in betainf 
2-integrin hypomorphic mice backcrossed to the PL/J strain and in betainf 
1- integrin transgenic mice. A T cell-based immuhopathogenesis of 
psoriasiform features was shown in a form of graf t-versus-host disease in 
scid/scid mice reconstituted with CD4sup +/CD45RB(hi) T lymphocytes as well 
as in HLA- B27/hbetainf 2m transgenic rats, demonstrating that dysregulated 
T cells can induce psoriasiform skin alterations without a primary 
epithelial abnormality. Finally, xenotransplantation models using human 
skin grafted on to immunodef icient mice are attractive, as different cell 
types and some environmental factors leading to psoriasiform features- may 
be studied in human tissue. Overall, although there is no animal model 
imitating psoriasis completely, many aspects of this common human 
skin disorder are mirrored in the currently available models and psoriatic 
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The combination of arthritis, urethritis, conjunctivitis, often 
associated with a psoriasiform rash has been termed Reiter f s syndrome, 
particularly if the patient is HLA-B27 positive. In this report, the 
history of ' Reiter ! s syndrome ? is investigated by reviewing descriptions of 
the syndrome and the life and times of Hans Reiter from source materials 
and recent publications that shed new light on medicine and clinical 
research in the Nazi regime. The description of the syndrome clearly 
antedates Reiter' s work by several hundred years. Numerous other 
investigators accurately described a reactive cutanep-arthropathy before 
Reiter. Hans Reiter gave his imprimatur to some of the most horrific 
experiments conducted on concentration camp internees during World War II. 
We conclude that Reiter does not deserve eponymous distinction. The 
disorder should be renamed 'reactive cutaneo-arthropathy, ' or a 'reactive 
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Activation of naive T-cells requires two signals: one is antigen-specific 
and based on T-cell receptor (TCR) recognition of a peptide-MHC complex and 
the .second is antigen-nonspecific and delivered by specific T-cell 
receptors after ligation with their ligands (costimulatory molecules) 
expressed by antigen-presenting cells (APCs) . Engagement of the B7 
family of molecules on APCs with their T-cell associated ligands, CD28 and 
CTLA-4 (CD152), provides a pivotal costimulatory signal in T-cell 
activation. The lack of costimulation after engagement of the T-cell 
receptor by antigen, results in a state of antigen-specific 
unresponsiveness, termed anergy. Manipulation of CD28/B7 pathway has 
therefore been envisioned as a potential strategy for achieving 
therapeutically useful immunosuppression or tolerance. CTLA4-Ig has been 
initially developed by Bristol-Myers Squibb as a competitive inhibitor of 
CD28/B7 pathway (BMS-18 8 667 ) . Thereafter, CTLA4-Ig was produced by 
Repligen and also in some individual laboratories. In various animal 
models, discussed in this paper, CTLA4-Ig has been shown to inhibit 
T-cell-dependent antibody responses, significantly prolong transplanted 
organ survival, induce long-term donor-specific tolerance in some models, 
slow progression of autoimmune disease and to have immunomodulatory 
function in several other immunological disease models. Recently, CTLA4-Ig 
has entered Phase I clinical trials for the treatment of psoriasis, a 
T-cell mediated skin disease and treatment of graf t-versus-host disease in 
allogeneic bone marrow transplantation. Large clinical randomised trials on 
the use of CTLA4-Ig are missing, nevertheless, its immunosuppressive 
effects coupled with features such as specificity of interaction and low 
toxicity, make CTLA4-Ig a promising new therapeutic agent for induction of 
donor-specific immunological tolerance, the ultimate goal of clinical 
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ABSTRACT: A growing body of evidence points to. a role for epidermal 

keratinocytes as active participants in immunologic reactions. Inasmuch 
as certain T cell-mediated skin diseases, such as psoriasis and 
atopic dermatitis, are triggered by microbial infection, we asked whether 
multipassaged human keratinocytes could provide the costimulatory signals 
necessary to induce autologous T cell proliferation in response to 
bacterial-derived superantigens. On exposure to IFN-gamma, keratinocytes 
are induced to express HLA-DR and HLA-DQ class II MHC Ag, and the 
lymphocyte-associated Ag-1 counter-receptor intercellular adhesion 
molecule-1 (ICAM-1). This change in keratinocyte phenotype is accompanied 
by the ability of these cells to support T cell proliferation induced by 
two different bacterial-derived superantigens, staphylococcal 
enterotoxins A .and B. Superantigen-driven proliferation in the presence 
of IFN-gamma-treated keratinocytes was significantly inhibited (70-90% 
reduction) by mAb against the LFA-1 alpha- or beta-chain or ICAM-1. 
Proliferation was not inhibited by mAb against the CD28 ligands BB-1 or 
B7, even though these keratinocytes express BB-1. In addition to 
previous defined roles for class II MHC Ag, stimulation of LFA-1 on the T 
cells by ICAM-1 on the keratinocytes also plays an important 
costimulatory role in this superantigen-mediated response. The accessory 
cell capability of keratinocytes was not unique to superantigen driven 
responses as PHA, as well as anti-CD3 mAb also induced vigorous T cell 
proliferation when IFN-gamma-treated keratinocytes were added. However, 
IFN-gamma-treated keratinocytes consistently failed to provoke an 
allogeneic response. These data demonstrate that 1) keratinocytes can 
serve as accessory cells for T cell proliferation using a variety of 
different stimuli, 2) the LFA-1 /ICAM-1 interaction plays a major role in 
keratinocyte-mediated costimulation, and 3) previous reports in which 
IFN-gamma-treated keratinocytes failed to support .T cell proliferation to 
nominal or alloantigens , may reflect impaired Ag presentation via class 
II MHC molecules, rather than lack of necessary costimulatory signals. 
These findings highlighting the accessory cell function of keratinocytes . 
may have implications for our understanding of the pathogenesis of 
immunologic disorders of the skin. 
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ABSTRACT: The activation of T cells requires two distinct signals. One 
signal involves interaction of the antigen-specific T-cell receptor with 
major histocompatibility complex molecules plus antigenic peptide; a 
second signal, which is antigen nonspecific, is the interaction of CD28 
with its natural ligands B7-1 and B7-2/B70. CD28 is 

expressed on 80% of T cells, is upregulated after activation, and binds ■ 
to B7 gene-family members, found on antigen-presenting cells. 
Because of our interest in the immunologic basis of benign and malignant 
T-cell-mediated disorders of the skin, we investigated the cellular 
distribution of CD28 and B7 family members in lesions of 
psoriasis and mycosis fungoides. By immunostaining cryostat 
sections of skin, CD28 was found to be expressed on virtually all 
lymphocytes in the epidermis and dermis of both skin diseases. 
Surprisingly, B7-1 was also found to be expressed on 
virtually all lymphocytes in the epidermis and dermis of both skin 
diseases. B7-1 expression was confirmed on CD3+ T lymphocytes 
using flow cytometry of single cell suspensions of fresh, unfixed 
psoriatic lesional tissue. To exclude the possibility that this result 
was caused by a second reagent contaminating the monoclonal antibody 
(MoAb) preparation, two different lots were used, and the MoAb' was 
absorbed onto Chinese hamster ovary (CHO) transf ectants expressing 
B7-1, or vector-only transf ected CHO cells. These procedures 
confirmed that a B7-l-like epitope was being recognized on 
psoriatic lesional T cells. In contrast to B7-1 expression on 
lymphocytes, B7-3, as defined by anti-BB-1 MoAb reactivity, was 
found primarily on epidermal keratinocytes in both skin diseases and was 
not found on T cells. These results indicate that' within two common skin 
disorders, lesional T cells accumulate in the dermis and epidermis, which 
express B7-1. Such expression may permit self-costimulation 
involving the CD28-mediated activation pathway, and thereby contribute to 
the ongoing T-cell proliferation present in these chronic, benign, and 
malignant skin diseases. 
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ABSTRACT: Local activation of T lymphocytes is regarded as an important 
immunological component of psoriatic skin lesions. Within psoriatic 
plaques (PP) there are large numbers of dermal dendritic cells (DDCs) 
immediately beneath the hyperplastic epidermis surrounded by T cells. In 
this study we investigated the ability of DDCs isolated from PP skin to 
support immune responses of resting peripheral blood T cells. For 
comparison, other dendritic cells were obtained from blood of the same 
• psoriatic patients, as well as DDCs from skin of normal- healthy 
individuals (designated NN skin) . All dendritic cells studied had high 
surface expression of HLA-DR, B7, and lymphocyte function 
associated antigen-1 molecules. T cell proliferative responses and 

/cytokine production profiles to' these various dendritic cells were 
measured in the absence and presence of PHA or bacterial-derived 
superantigens . In the absence of exogenous mitogens, PP skin-derived DDCs 
were much more effective stimulators of spontaneous T cell proliferation 
compared with either psoriatic blood-derived or NN skin-derived dendritic 
cells. Antibody blocking studies revealed involvement of HLA-DR, B7 
, and lymphocyte function associated antigen-1 on PP skin-derived DDCs. 
Cytokine profiles revealed that in the absence of exogenous stimuli PP 
skin derived DDCs mediated a T cell response with high levels of IL-2 and 
IFN-gamma, but not IL-4 or IL-10. NN skin-derived DDCs produced a similar 
qualitative response, but quantitative amounts of all cytokines measured 
were lower. Upon addition of PHA or superantigens, both PP skin-derived 
and NN skin-derived DDCs mediated high levels of IL-2 and IFN-gamma 
production, with induction of IL-4 particularly evident for PHA 
reactions. Addition of conditioned medium from psoriatic dermal fragments 
did not enhance the autostimulatory capacity of blood-derived dendritic 
cells. These findings highlight the potent autostimulatory potential of 
PP skin-derived DDCs and suggest an important immunological contribution 
for these previously overlooked cell types contained within lesional skin 
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ABSTRACT: Regulation of immune responses depends on interactions between 
APCs and T cells. Such cellular interactions are mediated by surface 
molecules including MHC class II Ags (DR) and CD28 ligands. B7- 
1 (CD80) and B7-2 (CD86) . Recent evidence indicates that the 
presence or' absence of costimulatory molecules on APCs significantly 
influences the qualitative and quantitative nature of an immune response. 
In this report, we analyze two relevant cytokines in skin immunobiology , 
granulocyte-macrophage (GM) -CSF and IL-10, and demonstrate their effects 
on cultured dendritic cells obtained from dermis (DDCs) of normal skin 
and psoriatic lesions. For comparison, the effects on these professional 
APCs were contrasted with cultured blood-derived monocytes. Normal and 
psoriatic skin-derived DDCs express high levels of CD86 over CD80, and 
the overall hierarchy is DR gt CD86 gt CD8.0, whereas cultured monocytes 
express low and equivalent levels of CD80 and CD86. If Ab is added to 
GM-CSF at the initial period of cultivation, DDCs that emigrate have 
lower levels of CD86 without any detectable effect on CD80 or DR 
expression and display a reduced capacity to stimulate either 
superantigen-driven or alloantigen responsive T cells. Conversely, by 
adding GM-CSF to monocytes, CD86 levels are enhanced. When IL-10 was 
added at the beginning of culture, DDCs had significantly lower levels of 
CD86, without ' any effect on CD80 or DR expression, and like 
anti-GM-CSF-treated cells, these DDCs had approximately a 50% reduction 
in their T cell-stimulating capacity. In contrast, when monocytes were 
treated identically with exogenously added IL-10, they retained their 
relatively low levels of CD80 and CD86 with no detectable change in APC 
function. Blocking studies of DDC : T cell interaction indicated that CD86 
was more important than CD80. Thus, differential expression patterns and 
functional cytokine responses involving these APC populations may be 
relevant to skin disorders such as psoriasis, in which discordant 
patterns of CD28 ligand expression and disordered cytokine networks are 
present . 
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ABSTRACT: The CD40/gp39 pathway is known to be an important feature of B/T 
cell collaboration leading to T cell-dependent activation, proliferation 
or differentiation of B cells. Additionally, CD40 is involved in the 
regulation of B cell survival and apoptosis. Recently, CD40 has been 
shown to be expressed functionally on non-hematopoietic cells, i.e. 
endothelial cells. Here, we demonstrate that human keratinocytes (KC) 
cultured in vitro express CD40 constitutively . The surface expression of 
CD40 is markedly up-regulated following stimulation with interferon 
( IFN) -gamma, but not with tumor necrosis factor-alpha or interleukin 
(IL)-l-beta. This process is regulated at the CD40 mRNA level as 
demonstrated by Northern blot analysis. Furthermore, ligation of CD40 via 
soluble gp39, the CD40 ligand, enhances intercellular adhesion molecule 
(ICAM)-l and Bcl-x up-regulation on I FN-gamma- stimulated KC, but not 
lymphocyte function-associated antigen (LFA)-3, B7-2 , . HLA-DR, or 
Fas expression. The release of IL-8 is also induced following CD40 
ligation on KC. In psoriasis, a T cell-mediated inflammatory skin 

. disease, KC have a markedly enhanced expression of CD40. This expression 
co-localizes with the expression of ICAM-1, Bcl-x, and an influx of CD3+ 
T cells. These findings suggest a functional role of CD40 on KC in 
inflammatory skin disorders such as psoriasis and could make a 
therapeutic intervention by disrupting the CD40/gp39 pathway an approach 
to consider in these inflammatory skin diseases. 
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ABSTRACT: Recently, we reported the functional expression of CD86 on 
cultured human Langerhans cells derived from normal epidermis. In the 
present study, we investigated the expression and function of 
costimulatory molecules in the pathogenesis of atopic dermatitis. In 
immunohistochemical analysis, CD80 and/or CD86 were detected on 
dendritic-shaped cells 'not only in the epidermis but also in the dermis 
in the inflammatory lesions of atopic dermatitis (n = 12) . CD80 was 
expressed in only five cases (42%), while CD86 was expressed in all cases 
(100%). These molecules were not detected in normal control subjects (n = 
8). In non-lesional skin of atopic dermatitis (n = 4), CD86 but not CD80 
was detected in one case. CD8 6 was preferentially induced on 
dendritic-shaped cells in positive patch test sites to Dermatophagoides 
pteronyssinus or house dust allergen in atopic dermatitis (n = 4). The 
CD80- or CD86-positive cells were confirmed as Langerhans cells by double 
immunostaining using anti-CDla monoclonal antibody. Neither CD86 nor CD80 
was detected on keratinocytes . Similar results of the stronger expression 
of CD86 over that of CD80 were obtained from psoriasis vulgaris (n 
= 11) and from contact dermatitis (n = 7), although CD8 6 was expressed 
only in 57% of the contact dermatitis cases. The percentage of Langerhans 
cells positive for CD86 was higher than for CD80, i.e. 48% compared with 
9%, respectively, in the epidermis of lesional skin of atopic dermatitis 
(n = 8) . The expression rate of these molecules -on Langerhans cells 
increased in the dermis. To investigate the function of co-stimulatory 
molecules on Langerhans cells in atopic dermatitis, we conducted an 
inhibition test with antibodies. Anti-CD86 monoclonal antibody almost 
completely inhibited T-cell proliferation stimulated with crude extract 
of D. pteronyssinus in the presence of epidermal cells as 
antigen-presenting cells, whereas anti-CD80 monoclonal antibody produced 
less of an inhibitory effect. These data indicate that CD86 expressed on 
Langerhans cells may play an important part in the pathogenesis of atopic 
dermatitis . 
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ABSTRACT: Engagement of the B7 family of molecules on 

antigen-presenting cells with their T cell-associated ligands, CD28 and 
CD152 (cytotoxic T lymphocyte-associated antigen-4 (CTLA-4)), provides a 
pivotal costimulatory signal in T-cell activation. We investigated the 
role of the. CD28/CD152 pathway in psoriasis in a 26-week, phase I, 
open-label dose-escalation study. The importance of this pathway in the 
generation of humoral immune responses to T cell-dependent neoantigens, 
bacteriophage phiX174 and keyhole limpet hemocyanin, was also evaluated. 
Forty-three patients with stable psoriasis vulgaris received 4 

■ infusions of the soluble chimeric protein CTLA4 Ig (BMS-188 667 ) . Forty-six 
percent of all study patients achieved a 50% or greater sustained 
improvement in clinical disease activity, with progressively greater 
effects observed in the highest-dosing cohorts. Improvement in these 
patients was associated with quantitative reduction in epidermal 
hyperplasia, which correlated with quantitative reduction in 
skin-infiltrating T cells. No markedly increased rate of intralesional 
T-cell apoptosis was identified, suggesting that the decreased number of 
lesional T cells was probably likely attributable to an' inhibition of 
T-cell proliferation, T-cell recruitment, and/or apoptosis of 
antigen-specific T cells at extralesional sites. Altered antibody 
responses to T cell-dependent neoantigens were observed, but immunologic 
tolerance to these antigens was not demonstrated. This study illustrates 
the importance of the CD28/CD152 pathway in the pathogenesis of 
psoriasis and suggests a potential therapeutic use for this novel 
immunomodulatory approach in an array of T cell-mediated diseases. 
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ABSTRACT: There is considerable evidence to support an' important role for 
co-stimulatory molecules in regulating the proliferation and activation 
of T cells in the immune response. Of particular relevance is the 
interaction between CD28 on T cells and B7 expressed on the surface 
of antigen presenting cells .(APCs) . CTLA-4, another molecule present on 
activated T cells may downregulate T cell activity, but its role remains 
uncertain. CTLA4-Ig, a fusion protein consisting of the extracellular * 
domain of CTLA4 and the Fc portion of human immunoglobulin Gl (IgGl), has 
been useful for studying the role of CD28/B7 interactions in immune 
responses. A number of studies have shown that CTLA4-Ig can switch off T 
cell activation. In an ovalbumin sensitive murine model of asthma, 
CTLA4-Ig treatment suppressed the response to inhaled allergen (increased 
airway hyperresponsiveness (AHR) , IgE production, recruitment of 
eosinophils into the lungs, production of IL-4, IL-5, and IL-10 and 
increased IFNgamma production from CD3-TCR-activated T cells) . Anti 
B7-2 treatment has similar effects suggesting that interaction of 
B7-2 with CD28 is important in the development of a Th-2 type 
inflammatory response in mice. Recent observations have been of relevance 
to human allergic disease. In vitro studies have shown that CTLA4-Ig or 
anti-B7-2 antibody can inhibit allergen-induced proliferation and 
cytokine production by peripheral blood mononuclear cells from atopic 
subjects. The role of co-stimulation has been studied in a human 
bronchial explant model of asthma. CTLA4-Ig fusion protein effectively 
blocked allergen-induced production of IL-5 and IL-13 in bronchial 
explants from atopic asthmatics. These studies confirm the requirement 
for interaction between co-stimulatory molecules in cytokine production 
and allergic inflammation, and point to the CD28-B7 pathway as 
being important to the allergen-induced inflammation in asthma. Studies 
of organ transplantation in primates suggest that CTLA4-Ig is extremely 
effective in preventing organ rejection. While phase 1 clinical trials 
have shown CTLA-4-Ig treatment of patients with psoriasis vulgaris 
to be well tolerated and to result in clinical improvement, its role in 
asthma management merits further investigation.- 
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ABSTRACT: Efficient T cell activation is dependent on the intimate contact 
between antigen-presenting cells (APCs) and T cells. The engagement of 
the B7 family of molecules on APCs with CD28 and CD152 (cytotoxic T 
lymphocyte-associated antigen 4 (CTLA-4)) receptors on T cells delivers 
costimulatory signal (s) important in T cell activation. We investigated 
the dependence of pathologic cellular activation in psoriatic plaques on 
B7-mediated T cell costimulation . Patients with psoriasis 
vulgaris received four intravenous infusions of the soluble chimeric 
protein CTLA4 Ig (BMS-188667) in a 26-wk, phase I, open label dose 
escalation study. Clinical improvement was associated with reduced 
cellular activation of lesional T cells, keratinocytes, dendritic cells 
(DCs), and vascular endothelium. Expression of CD40, CD54, and major 
histocompatibility complex (MHC) class II HLA-DR antigens by lesional 
keratinocytes was markedly reduced in serial biopsy specimens. Concurrent 
reductions in B7-1 (CD80) , B7-2 (CD86) , CD40, MHC class 
II, CD83, DC-lysosomal-associated membrane glycoprotein (DC-LAMP), and 
CDllc expression were detected on lesional DCs, which also decreased in 
number within lesional biopsies. Skin explant experiments suggested that 
these alterations in activated or mature DCs were not the result of 
direct toxicity of CTLA4 Ig for DCs. Decreased lesional vascular ectasia 
and tortuosity were also observed and were accompanied by reduced 
presence of E-selectin, P-selectin, and CD54 on vascular endothelium. 
This study highlights the critical and proximal role of T cell activation 
through the B7-CD28 /CD152 costimulatory pathway in maintaining the 
pathology of psoriasis, including the newly recognized accumulation 
of mature DCs in the epidermis. 



